Differentiation and Shedding of Surface Macromolecules of Human Keratinocytes  by Zhu, Xue-Jun et al.
00~2-202X/84 /8:)0fi - 0~40$02.00/0 
THE .)O UHNAL OF I NVESTIGATI VI' DEHMATOLOGY , 83:340- 34:), 1984 
Cop.vri ghl lcl 1984 by The Williams & Wilkins Co. 
Vo l. 83. No. 5 
Printed in U.S.A. 
Differentiation and Shedding of Surface Macromolecules of Human 
Keratinocytes 
XuE-JuN ZHu , M.D., MAGDALENA EISINGER, D.V .M., AND JEAN-CLAUDE BvsTRYN, M.D. 
Deparl.ment of Dermatology, No. I T eaching /-lm;pital of Beijing M edical College, Beijing. People's Republic of China; Memorial Sloa n-Kettering 
Cancer Center, N ew Yorh, N ew Yorh, and Department of Dermatology, N ew Yor/1 University School of M edicine, N ew Yorh, New Yorh, U.S.A. 
Macromolecules expressed on the external surface of 
human keratinocytes in tissue culture were radioiodi-
nated by the lactoperoxidase technique and solubilized 
by lysing the cells in nonionic detergent. Soluble labeled 
proteins were characterized by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The pattern of pro-
teins expressed by keratinocytes was distinct for these 
cells. The major labeled components had Mrs of 28K, 
40K, 68K, 72K, and 77K. The expression of several 
macromolecules changed with the length of time the cells 
were in culture, suggesting that their expression was 
linked to epidermal differentiation. Lastly, many but 
not all of the macromolecules expressed on the surface 
of keratinocytes were selectively and rapidly released 
into medium by the cells. 
Surface mac romolecules on human keratinocytes are in -
volved in a numbe r of bio logically important phenomena such 
as cell -cell adhesion , epidermal differentiation , and certain 
autoimmune diseases of the ski n. Several different antigens are 
expressed on the surface of keratinocytes including HLA his-
tocompatibility a ntigens , ABO blood group antigens, a nd the 
antigens involved in t he pathogenesis of pemphigus and bullous 
pemphigoid [ 1- 3 ]. H owever, though t he surface of keratinocytes 
is obviously complex, little is known about other m acromole-
cules t hat ma ke up t his structure. 
In t his study we have used sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) analys is of radioiodi-
nated ke ratin ocytes to characterize the macromolecules ex-
pressed on the exte rna l surface of these cells, to study the 
cha nges in the makeup of the cell membra ne that occur with 
epidermal differe ntiation , and to examine the shedding of sur-
face m acromolecules by viable cells. 
MATERIALS AND METHODS 
Cells 
Epiderm al ce lls were obtai ned from fresh surgical specimens of 
normal huma n skin taken from 9 indi viduals. Cells were estab lished 
and maintained in culture as described by Eisinger et al [4] . Briefly, 
skin was freed of fatty t issue and dermis with scissors and washed with 
minima l essential medium (GIBCO, Grand Island, New York) with 
Eagle's salts supp lemented with a ntibiotics. Discs of tissue were cut 
from the epidermal side of each specimen, washed in 0.02% EDTA, 
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Abbreviations: 
FCS: fetal calf serum 
NP-40: Nonidet P-40 
PBS: phosphate-buffered saline 
SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis 
T CA: trichloroaceti c ac id 
and incubated in 0.25% trypsin (D ifco 1:250) at 4"C. Arter 12- 15 h, the 
t issue was t rans ferred to a fresh dish, the epidermis detached from the 
derm is with fine forceps, and individual cells teased apart with forceps 
and gentle pipetting with trypsin/EDTA solution. The suspended cells 
were illtered through sterile gauze, concentrated by centrifugation and 
resuspended in culture medium . The cells were seeded into 25-cm2 
plastic t issue culture tlasks at a density of 2.5- 3 x 10'' cell /ml in Eagle's 
minimal essential medium, supplemented with 10% fetal calf serum 
(FCS). nonessential amino ac ids, 2 mM L-glu tamine, hydrocortisone at 
0.4 l'g/m l, and antibiotics. The cells were grown and maintai ned in 
humidif"ted air with 5% co~ and used within 1- 3 weeks. 
Radiolabeling and Solubilization of Kera.tinocyte Macrom.olecu.les 
Flasks of cultured cells were washed 3 times with 5 ml of cold 
phosphate-buffered saline (PBS). Surface macromolecules were ra-
dioiodinated by the lactoperoxidase technique [5] as previously de-
scribed [6]. Brielly, cells were incubated at 27"C with 0.5 mCi of [1251] 
sodium (New England Nuclear, Boston, Massac husetts), 0.25 mg of 
lactoperox idase (Sigma Chemical Corp. , St. Louis, Missouri) in 0.25 ml 
of PBS, and 0.01 ml of 8.8 mM H 20 2 in a ilnal volume of 1.5 ml of 
PBS. Three additional 0.01 -ml aliquots of H20 2 were added at 3-min 
intervals. Labeling was terminated by washing the cells 3 times with 
10 ml of ice-cold PBS. Labeled surface macromolecules were solubilized 
by lys ing the cells in 5 ml of 0.5% Nonidet P-40 (NP-40, Shell Chemical 
Corp. , New York, New York) in PBS for 30 min. Particulate matter 
was removed by centrifugation at 12,000 g for 10 min, and t he clar ified 
supernatant stored at 4"C. 
In some experiments, total cellular proteins were metabolically la-
beled by incubating plates of keratinocytes with 1.0 mCi of ["H]Ieucine 
(56.5 Ci/ mmol, New England Nuclear) in 5 ml of complete medium for 
80 h. In other experiments, radioiodinatecl and washed plates of cells 
were treated with 5 ml of 0.25 % t rypsin prior to detergent lysis. All 
ce lls were over 90% viable by trypan blue exclusion at the end of all 
labeling procedures or trypsin treatment. 
Collection. of Shed Su.rface Components 
Radioiodinated monolayers of ce lls were thoroughly washed with 
PBS and incubated with 5 ml of fresh culture medium supplemented 
with 10% FCS at 37"C. After 3 h medium and cells we re collected. 
Particulate matter was removed from the medium by centrifugation at 
12,000 g for 15 min and the cells lysed in 0.5% NP -40. Radioactivity 
associated with labeled macromolecules in medium and cell lysate was 
assayed as described below. Percent release was calculated from the 
following formula: 
Macromolecule associated cpm in medium 
M I I . d . d ' X 100 acromo ecu e assoc1ate cpm 111 me 1um 
+ cpm in cell lysate 
Assays 
Radioactivity associated with macromolecules was determined from 
the cpm precipitated by 10% trichloroacetic acid (TCA). This was 
performed as previously described (7] . Radioactivity associated with 
labeled FCS albumin was assayed by double antibody antigen binding 
assay using rabbit antibody to bovine serum album in as previously 
described [8] . 
Polyacrylamide Gel Electrophoresis 
SDS-PAGE was performed on 5- 15% gradient slab gels [9] . Samples 
were prepared from electrophoresis in buffer consisting of a final 
concentration of 1% SDS, 2% 2-mercaptoethanol, 0.1 M Tris-HCI, 10% 
glycerol, and 0.01 % bromophenol blue, pH 8.0, and heated at IOO"C for 
3 min. Molecular weight standards including myosin (200,000), b-
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galatosidase (116,000) , phophorylase B (94 ,000) , BSA (68,000), oval-
bum in (43,000), ca rbonic anhydrase (30,000) , soybea n trypsin inhibitor 
(2 1,000) , and lysozyme (14 ,300) were run in peripheral wells. Proteins 
we re v isualized by soaking the gels in a fixing solut ion consisting of 
30% eth anol and 1% acetic ac id to which 1% Coomassie blue was added 
for 30 min. Gels were destained in several changes of fixin g solution 
for 24 h, and were dried under vacuum at 80"C on a Hoefer dryer 
(Hoefer Scientific Instruments, San Francisco, California). Autora-
diograp hy was performed using Kodak X-Omat film (Eastman Kodak, 
Rochester, New York) and Quanta Ill Enhancer sc reens (DuPont. Co., 
Wilmington, Delaware). 
RESULTS 
Characterization of Cell-Surface Macromolecules of 
Keratinocytes 
Surface macromolecules on huma n keratinocytes were ra-
dioiodinated by t he lactoperoxidase technique. This procedure 
has been shown to label only external membrane components 
on viable cells [ 10 ). Several control experiments were performed 
to co nfirm that this was also true for keratinocytes. Trypsin 
treatment of radioiodinated cells removed over 90% of the 
radioactivity associated with labeled macromolecules, from 9.16 
x 106 ' ""I cpm in untreated plates vs 0.76 X 106 12"I cpm in 
trypsin-treated plates. By contrast, trypsin treatment of kerat-
inocytes metabolically labeled with ['1H)Ieucine, which labels 
predominantly cytoplasmic proteins, reduced radioactivity by 
less than 15%. These findings indicate that the bulk of radioio-
dinated macromolecules are on the external surfaces of kerati-
nocytes. In addition, the radioactivity associated with kerati-
nocytes was reduced by over 90% when radioiodination was 
performed without lactoperoxidase, indicating there are no 
endogeneous enzymes capable of labeling cytoplasmic proteins. 
Lastly, cell viability was over 90% by trypan blue exclusion at 
the end of radioiodination. The cell s were labeled in monolayers 
to minimize alterations in membrane components due to han-
dl ing of cells. Labeled macromolecules were solubilized by 
lysing the ce lls in the nonionic detergent NP-40 and were 
analyzed by SDS-PAGE in the presence of2-mercaptoethanol. 
Experiments were performed on cells derived from different 
individuals. The proportion of radioactivity associated with 
labeled macromolecules that was detergent-soluble was similar 
in keratinocytes from different individuals (Table I) and de-
clined steadily with increasing time in culture. On the average, 
approximately 44 % of the radioactivity associated with labeled 
surface macromolecules was detergent-soluble in cells labeled 
following 1 week in culture, whereas on ly 29% was detergent-
soluble following 3 weeks in cu lture, a decrease of approxi-
mately one-third. SDS-PAGE revealed that a very heteroge-
neous population of detergent-soluble macromolecules was ex-
pressed on the surface of keratinocytes (Fig 1). At least 20 
different labeled proteins cou ld be identified. The profile of 
surface proteins in keratinocytes derived from different indi-
viduals was different. However, many individual components 
were expressed on all keratinocytes. The major labeled surface 
macromolecules common to a ll keratinocytes had M.$ of 28K, 
40K, 68K, 72K, and 77K. In addition, minor labeled compo-
TABLE I. Solubility of radioiodinated surface macromolecules of 
l1eratinocytes 
Time cells in 
cul t ure prior 




• Calculated from: 
Percentage of surface macromolecules 
















TCA-insoluble cpm in 0.5% NP-40 lysate X 100 (TCA-insoluble cpm in 0.5% NP-40 lysate 
+ cpm in insoluble pellet) 
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FIG 1. SDS-PAGE of lac toperoxidase radioiodinated su rface mac-
rom~lecules of human keratinocytes solubilized by non ionic detergent. 
Profile of macromolecules solubilized from keratinocytes in 3 different 
individuals is illustrated in lanes A- C. The cells were labeled following 
21, 10, and 7 days 111 culture respectively. The M, of the major labeled 
components common to all 3 keratinocytes is indicated on the ri!(h t 
an? of sta ndard M , markers on the left. Because the gels were run on 
ddferent days, there are minor variations in migrations of proteins, 
whtch IS most ev1dent 111 those of low M,s. 
nents_ with M,s close to 22K were also expressed by many 
keratmocytes. Because FCS albumin may become associated 
with the membrane of cells grown in culture, we studied 
wheth~r the labeled components migrating in the region of 
a!bum1_n we;e related to this protein by specific immunopre-
Cipitatwn of keratmocyte lysate with specific antibovine albu-
min serum. Little to no specific binding was obtained even 
though the antiserum effectively bound radioiodinated bovine 
albumin in parallel experiments. In addition, there were no 
labeled components in the region of albumin in SDS-PAGE of 
lysates of human fibroblasts or melanoma cells grown in similar 
concentrations of FCS albumin. These observations suggest 
that the 68K and 72K dalton components detected on the 
surface of keratinocytes are unrelated to bovine albumin. 
Changes in Surface Macromolecules with Epidermal 
Differentiation 
It is known that keratinocytes gradually differentiate with 
increasing time in culture [ 4). Studies were conducted to deter-
mine whether this was associated with changes in surface 
macr~m~le_cules. In these experiments, keratinocytes from the 
same md1v!dual were radioiodinated at weekly intervals follow-
ing establishment in culture, and the pattern of soluble surface 
macromolecules studied by SDS-PAGE. Cultures were com-
posed predominantly of a single layer of cells at 1 week were 
beginning to stratify into multilayers at 2 weeks and were 
approximately 11- 13 cell layers thick at 3 weeks. Basal cells, 
defined by morphologic appearance and staining by bullous 
pemphigoid antibodies, accounted for 25-35% of the total cell 
population after 1 week in culture and for 10-15% after 4 weeks 
[23]. The pattern of surface macromolecules changed with 
increasing time in culture, and involved both increases or 
decreases in the expression of certain macromolecules. The 
results of a representative experiment are illustrated in Fig 2. 
It can be seen that a 150K protein appeared after 2 weeks in 
culture. There was an increase in the expression of a 22K 
protein and decreases in expression of 40K, 115K, and 132K 
proteins during the third week of culture. Similar types of 
changes were obtained with serial cultures of keratinocytes 
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FJ(; 2. Changes in sur face macromolecules of keratinocytes with 
time in cul ture. SDS-PAGE of rad ioiodinated surface macromolecules 
on kerati nocytes from the same individual following 1, 2 and 3 weeks 
of cu lture. T he M,s of t he components showing the most marked 
changes a re indicated on the left. 
obtained from 2 other individuals. Because of ce ll line-to-cell 
line di fferences in surface mac romolecules, not all of these 
proteins we re present in t he other cells. These observations 
indicate lhat the expression of surface macromolecules changes 
with the age of keratinocytes in cul ture. 
Shedding of Su.rface Macromolecu.les 
Since a nu mber of human cells can release surface compo-
nents in culture, the abili ty of keratinocytes to do so was 
studied. Monolayers of keratinocytes were radioiodinated, thor-
oughly washed, and incubated in fresh cul ture medium supple-
mented with 10% FCS. After 3 h, medium and cells were 
collected and t he amount of radioactivity associated with acid-
insoluble macromolecules released into medium and remaining 
on cells was determined. In 3 experiments 30-40% of the 
radioactivity associated with labeled detergent-soluble surface 
macromolecules was released in 3 h. T he rate of release was 
influenced by the age of the culture. More t han 40% of the 
radioactivity associated with labeled macromolecules was re-
leased in 3 h during t he first 2 weeks, whereas less than 30% 
was released by the same cells at 3 weeks. Cell viability re-
mained over 90% by t rypan blue exclusion at the end of the 
experiment, indicating release was not a resul t of cell death. 
Furthermore, under similar condit ions Jess t han 5% of ['1H] 
leucine- labeled macromolecules, which are predominant ly cy-
toplasmic, were released in 24 h, confirming that release was 
not a resul t of ce ll death. 
T he profil e of shed surface macromolecules was analyzed by 
SDS-PAGE and is illustrated in Fig 3. Release was selective. 
Many, but not all , of the surface macromolecules expressed on 
in tact cells were released into medium. Surface macromolecules 
wi th M,s of 28K, 72K, and 77K were released, whereas t hose 
with M,s of 22K, 40K, and 150K were not. This finding con-
fir ms t hat release was not t he resul t of ce ll death, which would 
lead to the release of all surface components. The pat tern of 
macromolecules released by 1-, 2-, and 3-week-old cells was 
remarkably similar, despite the changes in surface macromol-
ecul es that occurred during this t ime. A wide distorted band in 
medium in the region of 68K was an art ifact due to t he presence 
of FCS albumin whose concent ration in medium is huge in 
relation to that of shed melanoma material. These findings 
indicate that some surface macromolecules of keratinocytes are 
rapidly but selectively released into cul ture medium . 
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DISCUSSION 
T he most important tindings of this study are t hat a wide 
variety of macromolecules is expressed on t he surface of human 
keratinocytes, that their expression changes wi th keratinocyte 
differentiation, and that many are rapidly but selectively shed 
into cul ture medium. 
Over 20 different surface macromolecules were present in 
detergent lysates of lactoperoxidase radioiodinated human ke-
ratinocytes. These ranged in M , from 12K to over 200K. The 
profil e of surface macromolecules expressed by keratinocytes 
derived from differen t individuals was diffe rent. This may 
account for the somewhat different profile of keratinocyte 
macromolecules reported by other investigators using similar 
techniques [11 ,12]. T his heterogeneity indicates that altera-
tions in surface proteins observed in neoplastic keratinocytes 
[11] must be interpreted with caut ion. Some surface proteins, 
howeve r, were expressed by keratinocytes in all individuals. 
The most prominent of these had M,s of 28K, 40K, 68K, 72K, 
and 77K. None of these proteins was FCS albumin, since lit tle 
to none of this radioactivity was bound specifically by ant i-
se rum to bovine albumin. Furthermore, t hese bands were not 
seen in cont rol cells grown in the presence of similar concen-
trations of FCS. Several of t he components migrating in the 
region from 68K to 77K were simila r in their patte rn to subunits 
of keratin [13- 15] and could represent keratins exposed on the 
external membrane of the cell [16], t hough this is unl ikely since 
keratins a re insoluble in deterge nt. 
The proteins characterized in t his study represent only pa rt 
of those expressed on the surface of keratinocytes. T he bulk, 
ove r 60%, of the radioactivity associated wit h surface compo-
nents of keratinocytes was inso luble in the non ionic detergen t 
NP-40 and not examined in this study. This findin g is unusual 
since NP-40 normally solubilizes over 90% of the radioactivity 
associated with labeled surface mate rial in other cells [10,17]. 
One explanation is that surface components of keratinocytes 
are firmly linked with insoluble components of the cell, as 
occurs between surface H-2 ant igens and insoluble cytoskeletal 
components in murine cells [18]. T his concept is supported by 
electron microscopic observations of links between surface 
structures of keratinocytes and deterge nt- insoluble tonofila-
ments, i.e., desmosomes [19]; and by the presence of keratin on 
the exte rnal surface of keratinocytes [16]. Al ternatively, surface 
macromolecules on keratinocytes could be cross-linked to form 
1161\, 
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F IG 3. Shedding of su rface macromolecules by human keratino· 
cytes. SDS-PAG E of radioiodinated surface macromolecules: A , on 
in tac t keratinocytes, and B, shed in to medium by the same cells in 3 
b. T he same keratinocytes were studied after 1, 2, and 3 weeks of 
culture. The location of M , markers is indicated on the left . 
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an insoluble aggregate. The proportion of labeled surface com-
ponents of keratinocytes that was detergent-soluble gradual ly 
decreased with time in culture, suggesting t hat maturation of 
t hese cell s is associated with an increase in the proportion of 
surface components that is linked with insoluble material or 
cross- linked . 
The profi le of soluble surface macromolecules changed quan-
t itatively and qualitatively with t he age of keratinocytes. Prior 
studies have shown that at 1 week most keratinocytes con sist 
of basal cell s, whereas at 3 weeks most are differentiated 
[ 4,20]. These changes suggest that different patterns of surface 
macromolecules are expressed by keratinocytes in different 
stages of differentiation. The presence of immunologically dis-
t inct pemphigus antigens in different layers of human epider-
mis [21,22] and alterations in surface proteins of rodent kerat-
inocytes induced by calcium-dependent a lterations in differ-
entiations [23] support this conclusion. 
Surface macromolecules were rapidly shed by viable kerati -
nocytes. Almost 40 % of the radioactivity associated with ra-
dioiodinated surface macromolecules was released into medium 
in 3 h. SDS-PAGE analysis revealed t hat many but not all 
surface macromolecules were released, indicating t hat release 
was selective. Of t he major soluble surface proteins of kerati-
nocytes those with M,s of approximately 28K , 72K, and 77K 
were released whereas others with M,s of 22K, 40K, and 150K 
were not. R elease was not be a result of cell death , since cells 
were over 90% viable during the experiments. This was con-
firmed by finding that less than 5% of the radioactivity asso-
ciated with ("H]leucine-labeled macromolecules, which are pre -
dominantly cytoplasmic, was released in a much longer incu-
bation period, and that release was selective rather t han in -
volving a ll surface components as would be expected if due to 
cell death. Release of surface macromolecules appears to be a 
general property of cells . Both normal fibroblasts and malig-
nant melanoma cells re lease surface macromolecules at rates 
very similar to those observed for keratinocytes [6] by a process 
which appears to resul t from shedding (24,25]. S hedding ap-
pears to be the major pathway for t he turnover of external 
components on cell membranes [24] and may account for the 
accumulation of pemphigus antigens and other constituents of 
the intercellular substance in the epidermis. 
In summary, a large number of surface macromolecules is 
expressed by human ke ratinocytes. Their migration pattern on 
SDS-PAGE changes with time in culture, suggesting the 
expression of some su rface macromolecules is linked to epider-
mal differentiation. Many surface macromolecules are raptdly 
but selectively released into medium by intact cells. 
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